In 2 O 3 and SiO mixtures into thick film pn-junctions form were investigated for γ-radiation dosimetry purposes.
INTRODUCTION
Real-time radiation sensors are essential in a wide range of applications and design of novel cost-effective dosimeter devices is of ever-increasing importance [1] . It is believed that ionising radiation causes structural defects (called colour centres or oxygen vacancies in oxides) leading to their density change on the exposure to γ-rays [2] . The influence of radiation depends on dose and parameters of the films including their thickness and composition [3] . side. Active area of diodes was 8x4 mm 2 , whereas all radiation-sensitive layers were 30 mm in thickness. Commercial DuPont 4929 silver paste was used to manufacture the electrical contacts. All the devices were exposed to a disc-type 137 Cs source with an activity of 370 kBq. The changes in I-V characteristics for the samples were monitored after each exposure dose. Figures 1-4 show dependences of normalized current (I-I 0 )/I 0 with γ-dose for various In 2 O 3 /SiO diodes. The γ-radiation-induced changes in the current-voltage characteristics of all the samples were found to be similar to the dose response of most materials used in thermoluminescence dosimetry. They usually show a linear, then supralinear, followed by saturating response and further increase in dose leads to their damage. The difference in the properties of the materials used emerges as reasonable explanation to the changes of supralinear region in dependence of the electrical parameters on radiation dose. However, the region of linear response is preferable in radiation dosimetry All samples showed the most increase in the values of current up to a dose of 114 µSv and further behaviour was found to be highly dependant on the material composition. Samples made with only pure In 2 O 3 are recommended for detection of low level of radiation. Counterpart samples made with 25 wt.% of In 2 O 3 and 75 wt.% of SiO are recommended for high-dose application, as they sustained a dose of up to 2100 µSv.
EXPERIMENTAL PROCEDURE

RESULTS AND DISCUSSIONS
To cover more than one energy or type of radiation, the approach of using devices with a combined structure, such as sensor arrays, can be utilized, where the sections of the radiation nose system could differ in material thickness or composition.
The most important aspect of utilizing multiple radiation sensors is choosing the most accurate one for a given radiation dose. Another important factor is detection of damaged sensors and elimination of them from further analysis. For example sensor based on pure In 2 O 3 is damaged once exposed to radiation doses above 170 µSv and even if radiation dose will drop below this level, the sensor will no longer be reliable source of information. Radiation measurement accuracy can be derived from sensor response accuracy and characteristics. Figure 5 illustrates maximum and minimum sensor response for all radiation doses. The response of each sensor (I-I 0 )/I 0 must be converted to a radiation dose using the sensor characteristics ( Figure  5 ). The maximum and minimum sensor response translates then into maximum and minimum measured radiation dose according to the sensor characteristic ( Figure 6 ). It is clearly visible, that the measured radiation dose error depends primarily on the first derivative of the sensor response function -the steeper function is, the higher first derivative and smaller error is. The obvious goal when using multiple sensors is to choose the most accurate onewith the smallest radiation dose measurement error. Figure  7a and Figure 7b shows maximum radiation dose measurement errors for all the sensors. This allows us to define the radiation dose ranges for each sensor, where the sensor achieves highest accuracy among all others. Detection of damaged sensors is the most critical task necessary for ensuring maximum possible accuracy in measuring radiation dose. Characteristics of a radiation sensor exposed to too high radiation dose will permanently change, making the sensor unreliable. Therefore, damaged sensor should be excluded from further usage. In case of the four above discussed sensors, the maximum radiation doses before sensors 1, 2, 3 and 4 change its characteristic are: 140, 95, 600 and 2000 µSv. The process of the detection starts always from analysis of radiation dose readings from sensor 4, which is capable of measuring highest radiation doses without being damaged. In theory if the sensor 4 reports radiation dose equal to 600 µSv, then sensor 3 (as well as 1 and 2) should be classified as damaged one. However sensor 4 is also a least accurate one and at a radiation dose 600 µSv it can overstate radiation dose by 140 µSv or understate radiation dose by up to 130 µSv (see Figure 7b ). In the second case the sensor reading would state only 470 µSv, while in reality it would be 600 µSv -that means we could miss the fact that sensor 3 was damaged. One way to ensure that damaged sensors are correctly detected is to assume lower radiation dose level at which the sensor is considered as being damaged. In case of sensor 3, we should assume that if sensor 4 reports radiation dose higher than 470 µSv, then sensor 3 is damaged. This approach takes into account maximum error, which sensor 4 can commit for radiation dose of 600 µSv. Table 2 illustrates maximum radiation doses for four sensors taking into account maximum sensor errors used for the detection. Analysis starts from sensor 4 and if it does not detect damage in sensor 3, then sensor 3 is used (as more accurate) to detect whether sensors 1 or 2 are damaged. The disadvantage of this approach is higher probability, that the sensors will be prematurely detected as damaged.
To minimize such possibility, the sensor measurements should be averaged over time (for example using FIR filters), which in general would improve the measured accuracy assuming slow changes in radiation dose over time. and it reports radiation dose higher than 85, then sensor 2 is considered as damaged.
Once we know which sensors are operational at any time, we can use Table 1 for selection of the most accurate and non-damaged sensor for measuring particular radiation dose. The whole sensor selection process, based on Table  1 and 2 is outlined in Figure 8 . Senor readings in form of radiation doses are averaged over time using FIR filter. The properties of FIR filters depend on how quickly radiation dose changes in time, but for the most of the cases we can assume a very slow change. The results of filtering are then used to detect damaged sensors and to select the most accurate one. The selection table in Figure  8 allows constructing a simple and efficient pattern recognition algorithm.
The next step after the selection of the most accurate sensor is the estimation of a maximum sensor error. This is based on the measured radiation dose and error analysis (Figure 7) . From personnel safety point of view we are more concerned when sensor readings produces lower radiation dose than the real one. Because there is no way to know whether measured radiation dose is over or underestimated, we should always assume, that it is underestimated and the real radiation dose is higher than measured. Furthermore we assume, that sensor readings are affected by highest possible error for particular radiation dose and therefore measured radiation error should be adjusted by that error (error should be added to the measured radiation dose). 
CONCLUSION
The radiation sensors and measurement method described in this paper are suitable for a small hand-size radiation nose. The advantage of the proposed solution is higher accuracy than in case of typical radiation meters. Furthermore measurement process shown in Figure 8 guarantees that acquired radiation dose will not be underestimated, which is vital for safety of the personnel exposed to a radiation. 
